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Abstract: Objective: The purpose of the review is to portray the theoretical concept on neurological 
disorders from research data. 

Background: The freak changes in chemical response of nerve impulse causes neurological 
disorders. The research evidence of the effort done in the older history suggests that the biological drug 
targets and their effective feature with responsive drugs could be valuable in promoting the future 
development of health statistics structure for improved treatment for curing the nervous disorders. 

Methods: In this review, we summarized the most iterative theoretical concept of structure based 
drug design approaches in various neurological disorders to unfathomable understanding of reported 
information for future drug design and development. 

Results: On the premise of reported information we analyzed the model of theoretical drug designing 
process for understanding the mechanism and pathology of the neurological diseases which covers 
the development of potentially effective inhibitors against the biological drug targets. Finally, it also 
suggests the management and implementation of the current treatment in improving the human health 
system behaviors. 

Conclusion: With the survey of reported information we concluded the development strategies of 
diagnosis and treatment against neurological diseases which leads to supportive progress in the drug 
discovery. 

Keywords: Neurological disorders, computational aided drug design, structure based drug design, targets, drug delivery. 

1. INTRODUCTION 

 Neurological disorders are simply defined as engaged 
impairment or interruptions in nervous system. It coordinates 
with body’s all movement and functions [1]. The nervous 
system is considered as our body's command center and it is 
obvious that the brain comprises neurons, axons and synapses. 
This states that the brain is a complex structure which has 
the ability to store and process information through the 
myriad of sensory inputs. The neural axons connect the 
cortical and sub cortical processing center which denotes the 
network to be convoluted [2-4]. The brain is composed of 
specialized regions which interact to perform a complex task 
[5]. 

 The function of neuron, transmission of signal and cell to 
cell communication are the processes intervened by the 
protein and its alteration which brings about a dysfunctional 
physiological state [6]. Function of the nervous system is  
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devastated by the Neurological disorder which results in 
abnormal Central nervous system (CNS) and paraneoplastic 
neurological syndromes (PNS) growth, physical as well as 
mental stress, changes in behavior and thoughts [7, 8]. 
Dysfunctions of brain range from high disability and fatal 
neuromuscular condition ALS (amyotrophic lateral sclerosis) 
as well as mild and treatable depression. 

The nervous system is affected mainly due to the 
Oxidative stress. During respiration, the aerobic organisms 
are vulnerable to oxidative stress since the oxygen is related 
to free molecules like hydroxyl (OH·), superoxide (O2

–·) and 
hydrogen peroxide, produced by mitochondria. The reactive 
oxygen species produced is thought to be around 2% of total 
oxygen dependable during respiration however varies with 
different parameters [9, 10]. Due to lack of reactive oxygen 
species, oxidative metabolism leads to oxidative stress which 
causes neurological disorders. Neurological disorders affect 
mostly to the patients and their families, which often take out 
the qualities of being human. The chemical components 
present in the brain which motivates and focus are named as 
Neurotransmitters. The complex interaction between them 
helps to shift mood and changes our mind [11]. The neurons 
and the supportive glial cells belong to the transmitting 
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signals which are built in the complex network of cellular 
components. The analysis of the transcriptome depicts that 
69% of all human proteins (n=20344) are expressed and 
1134 of these genes show an elevated expression in the brain 
in comparison to other tissue types. An analysis of these 
genes with an elevated expression in the brain shows diverse 
patterns of the expression in various neurons, glial cells and 
neuropil. The mesh-work of axons, dendrites, synapses and 
extracellular matrix was embedded in the central nervous 
system cells [12-14]. 

 Neuroproteome is the term that describes the collection 
of proteins in the nervous system [15]. At present, the 
analysis of proteins were performed the affinity-based 
technologies and mass spectrometry methods. The functional 
mediators in many diseases including neurological disorders 
are protein and this neurological disorder associates protein 
deregulation. The susceptibility of developing disease is 
associated with genotype, while in others no such linkage 
has been observed. Regardless of the underlying cause, 
proteins play a major role in disease pathogenesis and 
generally in the focus of disease related research. The 
analyzed proteins are suitably found to be a drug target based 
on its expression level in normal and diseased condition  
[16, 17]. 

 Once the drug target is identified as suitable for curing 
the disease, mostly structure based approaches are often used 
for identification of lead compounds. Structure based drug 
design is the growing, iterative and powerful approach 
includes the structural evaluation of target and drug 
discovery process. It has the ability to reduce the time as 
well as cost in developing ideas of new effects and potential 
drug lead molecules. This review intends to describe the 
present scenario in understanding the neuroproteome. The 
involvement of the neuroproteome in some most common 
neurological disorders is also studied. The technology used 
for the study of proteins and the disputes in relation to the 
structure based approaches were recapitulated [18-20]. 

1.1. Neurological Diseases and its Mechanism 

 The subsequent subdivision describes the disease 
characteristics, understanding of protein involvement and 
investigation efforts within some of the most common 
disorders affecting the nervous system. 

1.1.1. Alzheimer’s Disease 

 The neurodegenerative disease that is progressive, 
impairs the memory and cognitive judgment is often 
accompanied by mood swings, disorientation and eventually 
delirium is Alzheimer’s disease. The most common cause of 
the neurodegenerative disorder rest with memory loss, 
decline in language skills, poor statement, confusion and 
other cognitive impairment that becomes the major threat in 
the ageing population [21-23]. Fyn kinase, GSK-3-β kinase 
and Cyclin dependent kinase-5 (CDK5) are the set of 
signaling pathways which behaves as the important donor to 
the synaptic dysfunction in Alzheimer’s disease [23]. Multiple 
features such as amyloid-β and τ protein aggregation, 
excessive metal ions, oxidative stress and reduced 
acetylcholine level play an important role in the pathogenesis 
of Alzheimer’s disease. Amyloid-β oligomer produces 

toxicity, as well as amyloid-β misfolding describes the 
importance of oligomerisation. Tau proteins bind to the 
microtubules in axons and stabilize them under normal 
conditions which exert pivotal roles. The pathological 
conditions of tau proteins result in hyper phosphorylation. 
The proteolytic cleavage of the amyloid precursor protein 
(APP) produces the Amyloid β which is a toxic peptide  
[24-26]. 

 Emerging techniques were revealed by researchers and 
still they are passionate to discover new techniques to treat 
Alzheimer's. The drugs available currently help to treat the 
symptoms of Alzheimer but does not help in the treatment of 
the underlying disease or delay its progression [27]. An 
innovative drug of Alzheimer would treat the underlying 
disease either through stopping or delaying the cell damage 
which leads to the worsening of symptoms. The neuro- 
transmitters were regulated with the help of few drugs and 
the brain chemicals transmit the message between neurons 
subsequently. This transmitter helps to maintain thinking, 
memory, communication skills and helps to deal with the 
certain behavioral problems [28]. On the other hand, these 
drugs do not show the perfect effect on the underlying 
disease process and are effective for some, but not for all 
people. They may be helpful only for a limited time. 
Numerous promising drugs were in development and testing. 
Several researchers focus towards screening of leads in the 
specificity of AD, causing over expressed proteins as drug 
target. The proteins, namely APP, APOE, BACE, and tau 
play important roles in the pathology of AD. Therefore, 
efforts are being made to develop new inhibitors for BACE, 
PS-1 and γ-secretase for treatment of AD [29-31]. 

 Recently, research scientists from Duke University have 
declared that new processes have been developed which 
contributes to the development of the disease is observed in 
the study of Alzheimer’s in mice. They state that the immune 
cells which protect the brain normally begin to consume 
arginine, a vital nutrient [32, 33]. The success of this study 
continues with the suitable drug candidate which blocks the 
mechanism and they would be able to prevent the ‘plaques’ 
formation in brain. These are the characteristic of Alzheimer’s 
disease and also increase memory loss in the mice. The 
hallmarks of Alzheimer’s disease are the neuronal, synaptic 
loss, extra cellular amyloid deposits and degenerate filament 
due to the intracellular deposition (neurofibrillary tangles). The 
major hallmarks are the cognitive impairment and memory 
loss. In AD, brain-damaged neurons, neuritisarehighly 
insoluble, Aβ42 peptide deposits and neurofibrillary tangles 
provides stimuli for inflammation. Accumulation of Aβ 
peptide is caused by the gene mutations like PS2 and APP 
human mutation [34, 35]. 

 The mechanism of the Alzheimer’s disease is represented 
in Fig. (1). When the oxidative stress reflects the imbalance 
between the production of free radicals the detoxification 
through neutralization causes the compensatory mechanism 
to increase. Environmental and genetic factors when comes 
to affect the protein APP this leads to a compensatory 
mechanism to be failed and in turn activates the Caspase and 
the Aβ deposition. Later, when the Tau mutation occurs this 
leads to tau dysfunction that indirectly leads to cell 
dysfunction and cell death [36, 37]. 
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1.1.2. Niemann-Pick Type C Disease 

 The rare genetically inherited Niemann-Pick type C 
disease is an autosomal-recessive as well as neurovisceral 
disorder sourced by genetic mutation, abnormal storage 
intracellularly of un-esterified glycosphingolipids and 
cholesterol in the endosomal or lysosomal compartments 
[38]. Niemann-Pick type C disease (NPC) belongs to lipid 
storage disease available for infants, children, or adults. 
Neonates can be prone to getting ascites and liver disease 
due to the infiltration of the liver or respiratory defects from 
penetration of the lungs. Liver or pulmonary diseases in 
infants were described as hypotonia and they have a delay in 
the development [39]. The common management of the 
disease occurs in the mid-to-late childhood with the insidious 
onset of ataxia, dementia and vertical supranuclear gaze 
palsy (VSGP). Seizures and Dystonia are common. Finally, 
Dysphagia and Dysarthria become disabling and makes the 
oral feeding impossible. Usually, death occurs in the late 
second or third decade from aspiration pneumonia and adults 
are more prone to get affected with dementia or psychiatric 
symptoms [40]. 

 Niemann-Pick Type C (NPC) is a different disease than 
Type A or B (ASMD). Metabolizing cholesterol as well as 
other lipids within the cell is difficult for the patients 
affected with the Niemann pick type C disease. In the liver 
and spleen cholesterol has been accumulated in excessive 
amount whereas in brain other lipid accumulation persists. 
ASM activity shows secondary reduction caused due to the 
NPC and this leads to the consideration of the three types of 
the same form of the disease. Neurological symptoms begin 
between the ages of 4 and 25.40 cm most cases [41]. In 
general, the later neurological symptoms begin, the slower 
the progression of the disease. The biochemical testing 
method is used for the diagnosis of NPC and reveals the 
impaired cholesterol esterification and the staining of 
positive Filipin in cultured fibroblasts. In NPC disease, the 
lack of function in NPC1/NPC2 or lysosomal acid lipase 
results in cellular cholesterol trafficking [42]. The individuals 

with NPC have NPC1 and the mutations were occurred. 
NPC2 were diagnosed in less number of individuals and also 
the mutations occur. In NPC1 and NPC2 molecular genetic 
testing was performed and the mutations caused by the 
disease were detected in nearly 94% of individuals. The 
Mutation occur in NPC gene causes to type C1 & C2, where 
protein produced from NPC gene are not able to involve in 
the movement of cholesterol and lipids in cells and the 
accumulation of lipids causes the cell death [43]. 

 Primary irrational indicators may be of hepatic, 
pulmonary, neurological or psychiatric in nature. Cerebellar 
ataxia, cataplexy, progressive dementia, movement disorders, 
epileptic seizures are all associated with the NPC disease 
[44]. Miglustat is the first disease-specific approved drug for 
the treatment of neurological manifestations to stabilize or 
slow the irreversible neurological damage. There are very 
limited data of effective treatment with Miglustat to prevent 
neurological symptoms for asymptomatic patients [45]. But, 
there is a need for raising disease awareness and improving 
early detection, for optimal disease management. Hydro- 
xypropyl-beta-cyclodextrin has been granted by the FDA into 
orphan drug and labeled 2-hydroxypropyl-β-cyclodextrin 
(HPβCD) can be used for the effective treatment for 
Niemann-Pick type C disease [46-49]. 

 Cholesterol is esterified as well as hydrolyzed by LAL 
for the production of fatty acids with the free cholesterol. 
This free cholesterol is then transmitted to NPC2. When 
NPC2 or NPC1 is absent, cyclodextrin replace their function 
in promoting cholesterol efflux. For better understanding, the 
mechanism is symbolized in Fig. (2). Free cholesterol is 
transported from glia to neurons through the ApoE complex 
and the permeation of the blood-brain barrier is not 
performed by plasma. The accumulation of the unesterified 
cholesterol and gangliosides in Lysosomes were happening 
because of the trafficking from the endosomal system by the 
free cholesterol. Lysosomes break down the food and 
inability to transfer cholesterol to the Golgi bodies, which 
followed by the accumulation of Sphingomyelin results in 

 

Fig. (1). Mechanism and effect of Alzheimer’s disease. 
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the lack of ceramide. It leads to the loss of normal function 
with the protein leading structure for the development of 
ataxia and dystonia [50-54]. 

1.1.3. Parkinson’s Disease 

 The progressive movement disorder and chronic disease 
is the Parkinson's disease (PD) which means that the 
symptoms continue and worsen over time. It is the second 
most chronic and movement disorder of the nervous system 
worldwide. This disease involves the death and malfunction 
of the vital nerve cells in the brain named neurons, [55, 56]. 
The region substantia nigra in the brain consists of neurons, 
which are primarily affected by Parkinson’s. The symptoms 
that caused by these diseases is the tremors, muscle rigidity, 
bradykinesia and stooping [57]. The dying neurons produce 
a chemical substance termed as dopamine, which sends 
messages to the part of the brain and controls the coordination 
along with movement during the progression of PD. This 
makes the people who have uncontrollable movement [58]. 
Stages of Parkinson’s disease include various stages, and in 
the beginning state - the infected person shows the very mild 
symptoms that generally do not interfere with daily 
activities. Here mostly, the one side of the body shows 
Tremor and other movement symptoms. Later, the second 
stage shows tremor, rigidity and other movement symptoms 
affect both sides of the body. Third stage shows mid stage of 
progression of the disease with loss of balance and slowness 
of movements are hallmarks of this phase. Fourth stage 
shows much severity and the patience can't stand alone 
without any assistance. Fifth stage is the most advanced and 
debilitating stage of Parkinson’s disease and the patient 
experience hallucinations and delusions. �-synuclein and 
LRRK2 are the major genes known to produce dominantly 
inherited PD [59-62]. 

 The role of synuclein and the molecular pathology is 
understood with the available resources and later LRRK2 are 
seen and the regular function and the compulsive role of the 
genes in PD are studied. PTEN induced kinase 1 (PINK1) 
dysfunction is also one of the important leads to the loss of 
dopaminergic neuron loss in PD [63]. Recently, researchers 
have announced two lead compounds, namely GW5074 and 

indirubin-3’-monooxime, blocks the action of the LRRK2 
enzyme and prevents the death of mouse neurons. The PD 
and the mutation in LRRK2 gene were linked together, 
which was discovered by the researchers with great interest 
to works on drugs for the alteration of the LRRK2 enzyme. 
These studies suggest that in animal models of PD the 
neurons may be protected by the LRRK2 blocking. Based on 
the compounds that inhibits LRRK2 new therapies can be 
suggested which can be developed for the people with PD 
who constitutes the LRRK2 mutation [64, 65]. The mutations 
in the gene which codes for the parkin protein have been 
linked to the Parkinson’s disease and this uses the tag 
damaged mitochondria as waste by cells. When the tagged 
mitochondria was damaged and degraded by Lysosomes, 
which is the cell’s trash disposal system. The mutations that 
were known in parkin prevent the tagging of mitochondria 
and results in the accumulation of unhealthy mitochondria 
[66-68]. 

 Few other researchers are search towards the identification 
of suitable drug target and also some medicinal drugs and 
pharmacological therapies that may have facilitated to 
relieve from PD. In regards to the pathogenic process the 
lack of understanding may be the reason for the non-
availability of effective treatment in which the treatment 
could prevent the onset and the progression of the disease. 
However, investigative and drug development efforts should 
be diversified to fully address the multi-factoriality of the 
disease. Dopaminergic neurons play an important role in the 
Parkinson’s disease. The death of the dopaminergic neurons 
results in the Parkinson’s disease. 

 Misfolding of the proteins and dysfunction of the 
ubiquitin-proteasome pathway is pivotal in Parkinson disease 
pathogenesis. Substantia nigra degenerates in Parkinson’s 
disease (PD) when the nigrostriatal pathway is disrupted that 
reduces the striatal dopamine and it produces PD symptoms 
which is very much depicted in the (Fig. 3) [69]. In mammals 
as well as the humans the movement of the neuronal circuits 
in spinal cord helps in the locomotion [70]. The defective 
utilization of the afferent input which is in combination with 
the secondary compensatory process in the central motor 

 

Fig. (2). Mechanism and effect of Niemann Pick type C disease. 
 

Fig. (3). Mechanism and effect of Parkinson’s disease. 
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disease shows the involvement of typical activity namely the 
spasticity [69, 70]. The representation of the mechanism and 
effect of the Parkinson’s disease is shown in Fig. (4). 
Neurotoxins and external agents lead to the oxidative stress, 
which indirectly results in the dopaminergic cell loss in 
Substantia Niger and where the misfolded protein and 
reticular formation is developed. This protein misfolding 
leads to the protein, DNA damage and the Lipid peroxidation. 
This happens over the connection in the spinal cord. As a 
result, there exists the death of dopaminergic neurons and 
this tends to exhibit the disease [71-75]. 

1.1.4. Rapid-eye-movement (REM) Sleep Behaviour 
Disorder (RBD) 

 The disorder which depends on the sleep behavior is the 
rapid-eye movement (REM) and this results in the abnormal 
behavior in the sleep phase with the rapid eye movement and 
the disorder is stated as the REM sleep behavior disorder 
(RBD) [76]. This disorder is characterized by certain dream 
enacting behaviors like punching, shouting and falling out of 
bed and these characteristics are related to unpleasant dreams 
and the loss of normal REM-sleep muscle atonia. It is also  
a Parasomnia. The transition between the different states  
was named as the rapid eye movement (REM) sleep and 
wakefulness and this belongs to the phase of sleep. The 
different states were associated with the dreaming and the 
non-rapid eye movements (N-REM) sleep. Numerous 
characteristics were defined during each state and the 
understanding of the disorder of REM behavior plays an 
important aspect all through REM sleep [77, 78]. In brain, the 
electrical activity was recorded by the electroencephalogram 
that looks similar to the electrical activity occurring during 
awake. In REM sleep behavior the neurons were more active 
like when they are during waking and is characterized by 
temporary muscle paralysis [79, 80]. Associated with the 
other neurodegenerative diseases, namely the Parkinson’s 
dementia with Lewy bodies and multiple system atrophy 
which becomes idiopathic. Patients suffering with RBD have 
no waking motor or cognitive complaints [81]. 

 REM sleep behavior disorder is probably at increased 
risk for neurodegenerative disease. Underlying RBD is one 

of the most fascinating scientific nosiness in medicine and 
neurology. Our scientific community is awaking people to 
educate on the requirement of treatment and diagnosis  
of RBD [82]. Researchers have recently identified the  
robust connection to neurodegenerative disease, particularly 
Parkinson's disease. The rapport between RBD and Parkinson 
disease is complex; whereas the people with Parkinson’s 
disease will not always develop RBD [83]. The treatment of 
rapid eye movement sleep behavior disorder (RBD) can be 
exciting in some patients with fundamental neurodegenerative 
conditions. The drug compound Clonazepam has proven to be a 
highly successful treatment for RBD and the precise process 
of mechanism of clonazepam in RBD is not very clear but 
they may reflect in some of its serotonergic properties. In 
addition to clonazepam, melatonin, nlafaxine, mirtazapine, 
levodopa, carbamazepine, clonidine, and L-tryptophan are some 
of the drugs in specific to cure this RBD. Unfortunately, the 
functional mechanism of these drugs is still unclear and so 
identifying the suitable drug targets will be more beneficiary  
for the RBD [84]. The skeletal muscle atonia which is 
normal is lost when the rapid eye movement affects the 
patient with the protruding motor activity and the dreaming. 
Medullar magnocellular reticular formation, created the 
concrete pathway of the spinal motor neuron inhibition. The 
midbrain and forebrain structure is connected to the parts 
substantia nigra, forebrain, thalamus, frontal cortex, hypo- 
thalamus. This occurs in disproportionally greater frequency 
in dementia and Parkinson’s disease (PD) with Lewy bodies 
[85]. 

 Abnormalities of electro-encephalographic activity, 
cerebral blood flow & cognitive, perceptual and autonomic 
functions, motor neurons inhibition, lack and revitalization 
of the memory is associated with the lack of muscle activity. 
The abnormal and violent motor manifestations are the 
characteristics of the Rapid eye movement (REM) disorder 
[86]. The Motor neurons in the medullary inhibitory area 
lack the excitation and the inhibition of the transitional sleep. 
These results in the release of Growth hormone, revitalize 
the memory, develops atonia during dreaming, the heart rate 
slows down and the brain does only the easy tasks. Later, due 
to this action there increase the eye movement, temperature, 

 

Fig. (4). Mechanism and effect of Rapid Eye Movement sleep behavior disorder. 
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BP and heart rate. The light transitional sleep happening in 
the medullary inhibitory area is a victim of the lack of 
excitation and inhibition of the motor neurons [87-89]. 

1.1.5. Amyotrophic Lateral Sclerosis (ALS) 

 The major adult-onset of the neurodegenerative disorders 
is the greatest aggressive Amyotrophic Lateral Sclerosis 
(ALS) that affects motor neural cells of the brain and the 
spinal cord that cause muscle weakness and impacts physical 
function. The movements of the muscle were controlled by 
the nerve cells, but when it is affected by ALS these nerve 
cells die. In this regard, the muscles progressively weaken 
and at last will be wasted [90, 91]. The probable reasons of 
the ALS were identified by the researchers and these 
comprise gene mutation, chemical imbalance, disorganized 
immune response and protein mishandling. Patients affecting 
with ALS tend to live only maximum for three to five years 
after the sign of the first symptoms. In ALS particular 
mutations in the gene were observed and they propose the 
changes in the processing of the RNA molecules that gives 
the function of the gene regulation as well as the activity 
helps in the ALS-related motor neuron degeneration. Various 
mutations also reported which shows the incriminate defects 
in the protein recycling [92]. There are so many other 
prospective defects in the structure as well as the shape of 
the motor neurons and the increased susceptibility to 
environmental toxins. In general, it is progressively clear that 
a numerous type of cellular defects leads to motor neuron 
degeneration in ALS. Even though, the ALS pathogenesis is 
available and the understanding of it was done extensively, 
but unfortunately no effective therapy have developed to cure 
the ALS [92-95]. Currently, there is one FDA approved drug, 
Riluzole uses for treatment of patients with ALS whereas it 
has also been found to slow the rate of development of the 
disease in some individuals. But, Scientists have made 
number of strategies and approaches to improve the value of 
life for people with ALS [96-98]. 

 The normal physiologic neuronal function is convinced 
with the help of the calcium sensitive protease and the 
calpain satisfy the requirement which is a universal 
component. Alteration in calcium homeostatis lead to 
determined pathway activation of calpain in a number of 
neurodegenerative diseases. The cleavage of the numerous 
neuronal substrates is the result of the clinical activation of 
calpain and this cleavage affects the neuronal structure 
through negative aspects and leads to the inhibition of the 
required neuronal survival mechanism. The calcium 
abnormality results in the calpain stimulation in ALS. The 
disease, ALS is the disorder of protein aggregation. The 
copper/zinc superoxide dismutase (SOD1) is mutated and 
this aggregates in the Amyotrophic lateral sclerosis [99, 
100]. Calpain gets activated by the addition of Ca2+ and leads 
to the mutation in the protein SOD1. This increases oxidation 
stress and as a result leads to neurofilament accumulation. 
The release of inflammatory modulators promotes the 
dysfunction of the axonal transport system and there develop 
the motor neuron apoptosis. The degeneration of motor 
neuron characterizes the Amyotrophic lateral sclerosis that 
structurally resembles apoptosis. Fig. (5) represents the 
mechanism and effect of the Amyotrophic lateral sclerosis. 

The neuronal death is progressed into 3 sequential stages, 
namely chromatolysis, somatodendritic attrition and apoptosis. 
The increase of calcium level is associated with neuro- 
degenerative disease. Calpain catalyses the conventional 
proteolysis. The calpain activation occurs in the early  
phase of ALS which will be a cellular defence mechanism 
[101, 102]. 

1.1.6. Epilepsy 

 The ancient Greek word which describes the disorder of 
the central nervous system is the Epilepsy. In this disease the 
activity of the nerve cell in the brain develops disruption 
sensations, loss of consciousness and cause seizures or 
periods of unusual behavior [103, 104]. When the brain 
directs the wrong signals through the nerve cells or neurons 
automatically seizures will happen. This can lead to the 
emotions and the strange sensations or make people behave 
strangely. Worldwide millions of people are experienced by 
Epilepsy, a chronic disorder characterized by paroxysmal 
brain dysfunction resulting from abnormal neuronal activity. 
People affected with epilepsy were characterized as 
destructive, potentially fierce, underdeveloped, weak sluggish, 
antisocial and physically unattractive. The fundamental 
characteristic feature of epilepsy is persistent and senseless 
attacks [105, 106]. 

 Based on the development of the epileptic seizures, they 
are broadly classified based on the onset whether it is partial 
and those which are generalized. The partial epileptic seizure 
arises through one hemisphere of the brain and those that  
are generalized seizures begin in the involvement of both 
hemispheres [107]. Currently, to cure this disaster is a lack 
of well-known treatments. But, different methods are 
developed for the design of new more selective and effective 
drugs against epilepsy. Research performed by the scientist 
shows that the primary cause of the epilepsy in all children, 
adults and the elderly people and they affects the brain and 
as a result brain trauma, stroke and tumors [108]. Current 
research focuses on the development of new model systems 
that is used frequently for the screening of potential treatments 
for the epilepsy. The cause of epilepsy is observed with the 

 

Fig. (5). Mechanism and effect of Amyotrophic Lateral sclerosis. 
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help of the identification of the genes or genetic information 
which influences the cause and this may allow the doctors to 
prevent the disorders as well as to predict what kind of 
treatment would be more beneficial to individuals with 
specific types of epilepsy. The research, based on how the 
neurotransmitter interact with the brain cells for the control 
of nerve firing as well as the contribution of the seizures by 
the non-neuronal cells is performed by scientist [109]. 

 The national institutes of health funds for the research 
which could be more potent for the flexible brain implant, 
which can be used to treat the seizures. Researchers are 
developing a new instrument which helps the assistance of 
the brain and also trying to improve the MRI as well as the 
other brain scans which may assist in diagnosing the epilepsy 
and identify the source or focus of the seizures in the brain. 
Epileptic seizures develop from excessively synchronous and 
the discharge of a group of neurons. Neuronal excitability is 
due to the persistent increase of the epileptic syndrome, 
which is the major feature of epilepsy. The mechanism and 
effect of the disease, Epilepsy are represented in the Fig. (6). 
There are diverse causative factors such as oxygen, trauma, 
deprivation, infection, metabolic rearrangements and tumors 
associated with the cellular discharges. The most important 
part of the epilepsy is the disorder of neuronal migration in 
the mTOR pathway [110, 111]. The abrasion of the pathology 
and the mechanism of the genes affect the mTOR pathway, 
especially the protein translation. It promotes the cell 
dysfunction and the alteration of the synaptic function, 
leading defects to the complete neuropathology in terms of 
hyper excitability and impulsiveness [104]. 

1.2. Factors Associated with Neurological Disorder 

1.2.1. Role of Cholesterol in CNS associated with 
Neurological Disorders 

 Cholesterol is a 27-carbon sterol compounds that show 
amphipathic properties and plays both physiological and 
structural functions in the human body. The human brain 
contains largest amount of cholesterol than any other organ 
which present the close relation between cholesterol and 
nervous system [112]. This component is the indispensable 
which plays an important role in the plasma membrane of all 

the eukaryotic cells and serves as a precursor for the 
biosynthesis of steroid hormones, vitamin D and bile acids 
[113]. It is accentuated in both the central and peripheral 
nervous systems of mammals. But the foremost role of 
cholesterol is highlighted in the central nervous system 
(CNS) which is composed of myelin sheaths as well as an 
important constituent of synaptic vesicle membrane in which 
an appropriate membrane structure is essential for the 
proliferation of salutatory impulses laterally on the axon as 
well as in the synaptic connectivity among neurons [114]. 
Past evidence has accumulated about the genetic changes in 
cholesterol metabolism leads to a wide continuum of 
neurological problems, linked to several neurological 
disorders, including Huntington’s disease (HD), Alzheimer’s 
disease (AD), Parkinson’s disease (PD) and Niemann-Pick 
type C disease as well as stroke and brain trauma [115, 116]. 

 The consequence of sterol in the mechanism of the 
atherosclerosis and other cardiovascular diseases is also well 
recognized, whereas correlations occur amongst brain 
disorders and cholesterol and these are immobile and poorly 
categorized. It is profuse in synaptosomal membranes that 
influence stability, synapse formation and neurotransmitter 
that helps in the release of the pre-synaptic level and the 
cholesterol molecule focuses generally in the inner leaflet of 
the lipid bilayer which gives the principal structural role. The 
constituent of lipid rafts which anchors or regulates the 
numerous neurotransmitter receptor activity (e.g. GABA 
receptors and AMPA-type glutamate receptors) as a function 
of the post synaptic terminals and other post-synaptic 
elements on the membrane. Micro-tubular conveyance of 
synaptic vesicles in the subsequent fusion, cytosol, and 
release via SNARE protein interaction depends on the high 
cholesterol levels [117, 118]. Cholesterol requirement is very 
high in the CNS which is responsible for membrane curvature. 
The neuronal transmission of the impulse at the cellular  
level is aided with the help of myelin sheaths and the 
specializations of the membrane which is derived from the 
oligodendrocytes and in which the axon of the several 
neighboring neurons were wrapped with the axon. Due to 
enrichment of cholesterol, the reduced permeability is 
available in the myelin sheaths to the ion which allows the 
propagation axon with the electrical impulse rather than the 

 

Fig. (6). Mechanism and effect of Epilepsy. 
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oligodendrocytes membranes. Further studies on the 
cholesterol metabolism in the nervous system can discover to 
pave the way for novel inhibitor to treat neurological 
disorders [119-121]. 

1.2.2. Role of Environmental Factors in Neurological 
Disorders 

 The human nervous system is the controller of the 
behaviors with different level of complexity. Many 
neurological disorders are not well understood and have less 
genetic information of their functional proteins and genes. 
The majority constitutes are environment factor which 
directly influences the nervous system during the diseases 
progress [122]. Research has been shown many of toxins, 
pesticides or other exposures/agents related to environmental 
features that play a significant role in the progress of 
neurological disorders [123]. For an example, MPTP (1-
methyl-4-phenyl-1,2,5,6-tetrahydropyridine) which is a toxic 
product and the active state (MPP+) affects the catecholamine 
neurons and leads to death, it also used to craft the animal 
models of Parkinson’s disease (PD). In case of Alzheimer’s 
disease, most of the metals such as aluminum, zinc or copper 
have been recognized as more risky environmental factors. 
Some pesticides and mercury have been identified as 
exposure to lead ALS. More research on the role of 
environmental factors in neurological disorders may lead to 
be latent risk factors [124, 125]. 

1.2.3. Role of Stress in Neurological Disorder 

 Stress plays a very significant role in the commencement 
of various ailments like immunological disorders, cardio- 
vascular diseases pathophysiological consequences of aging. 
In Neurological diseases, stress triggers certain mechanism and 
sometimes destroys some mechanism of pathophysiological 
importance which is highly associated -with neurological 
disorder [126]. Numerous movement disorders are of 
neurological origin andare pretentious of stress and trauma. 
There is a high degree of connection between neuro- 
degeneration and stress. The stress on the nervous system due 
to the pathophysiological effects and the function of 
hippocampus are closely related [127, 128]. The contribution 
of stress in the degeneration of neurons, especially in the 
hippocampus formation is strong. Stress is an important 
factor that causes deficits in memory performance and this 
effect in turn is important for pathophysiological processes 
connected with the Neurological disorders. The structure that 
plays a major part in the loading of several actions in the 
long term remembrance loss is the stress-sensitive hippocampus 
[129]. The stages of anxiety, fright and provocation induces 
the learning deficits and memory loss that leads to the 
deterioration and damage of neurons in the brain. The effect of 
stress on the hypothalamic pituitary adrenal axis represents the 
pathophysiological component in neurodegenerative diseases. 
The genetic, internal, external and environmental factor alters 
the vulnerability to the neurodegenerative disorders as well as 
the inflammatory diseases. The stress associated with anxiety 
and depression has been discussed which demonstrates it as 
a mechanism related to anxiety and chronic stress. Stress is 
the important characteristic that mediates, promote and even 
cause mental disorders like depression [130]. The role in the 

susceptibility, progress and outcome of neurodegenerative 
diseases/mental disorders are influenced by stress [126]. 

1.2.4. Accidental Damages in Neurological Disorders 

 The occurrence of auto reactive B cells and antibodies in 
body were detected when there is an existence of 
neurological disorders. The contributory role of these 
components was well established in neurological disorders 
[131]. Axonal damage has been recently recognized as the 
key predictor in various central nervous system disorders 
that includes head trauma, metabolic encephalopathy’s, 
multiple sclerosis and spinal cord trauma [132]. The 
important factors that influence the body condition to be 
prone to the neurodegenerative disease is the oxidative 
stress. This is associated in both normal aging and countless 
neurodegenerative diseases. The neuronal loss is the result of 
the oxidative stress and is initiated with the antioxidant 
molecule decline of Glutathione (GSH). This GSH has 
several roles with regard to the nervous system, namely the 
possible neurotransmitter, free radical scavenger and redox 
modulator of ionotropic receptor activity. When the exhaustion 
of this GSH happens there develops oxidative stress which in 
turn increases the level of toxic molecules [133, 134]. The 
role of oxidative stress is significant in various neuro- 
degenerative diseases like Alzheimer’s, Amyotrophic Lateral 
sclerosis and Lo Gehrig’s disorder [135]. 

1.3. Computational Drug Design 

 In the biomedical arena, a Modern strategy of computer-
aided drug design (CADD) is an emerging way to facilitate 
the discovery, design and optimization of the new effects and 
potential therapeutic agents. Computer-aided drug design 
(CADD), represents the role of computers and the 
applications of tools with the help of computers in the drug 
design process [136]. Drug design process is a vast area in 
which it is specific to target a drug and this process 
commence when a chemist identifies the drug candidate. 
which displays an attractive biological profile and will get 
completed when both the chemical synthesis and the activity 
profile of the novel chemical entity are optimized [137]. The 
drug is an organic small molecule which inhibits or activates 
the purpose of a bimolecular such as a protein which in turn 
results in a remedial assistance to the patient. Universally, 
the drug design involves in the development of small 
molecules which is complementary in contour and charge to 
the biomolecular target to which they binds and therefore 
will bind to it [138]. Drug design relies on computer 
modeling techniques and the topology of the target and the 
compound frequently as well as not necessary. This is 
referred to as the computer-aided drug design. Computational 
approaches are playing the eminence and important role in 
drug discovery which reduce the time as well as cost for 
developing new drug against various biological diseases [139]. 
The most precious part of the drug design is the prediction of 
small molecule which binds to the target macromolecules. 
De novo drug design is a continuous process where the three 
dimensional organization of the receptor is used to develop a 
novel molecules. This also makes the involvement of the 
determination of structure with the lead target complexes and 
the modification of the lead with the help of different tools 
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[140, 141]. This technique was used for the development of 
new chemical classes of compounds which are similar  
to the sub-compounds to the target. Pharmaceutical drug 
developments with the computer design technique 
intrinsically are in need of the complex drug design [142]. 
The overview of the various components of the Computer 
Aided Drug Designing (CADD) is represented in Fig. (7). 

 The predictions of the binding affinity with the help of 
the modelling techniques are successful. There are numerous 
properties, namely the bioavailability, lack of side effects 
and metabolic half life, etc., which is optimized when the 
ligand become safe and efficacious drug [143, 144]. The 
characteristics are generally difficult for the optimization of 
the rational drug design techniques. In drug discovery there 
are numerous approaches where-as especially the traditional 
approaches rely on the step wise synthesis and the screening 
program for the large compounds for the optimization of the 
activity profiles [145]. Until and unless we know the disease 
and the receptor responsible for the disease, it is not possible 
for us to design the drug. In rational drug design the initial 
step necessary for the process of the technique is the 
identification of the molecular target which critics about the 
disease or the infectious pathogen. The necessary requirement 
of the discovery of the drug is the determination of the 
molecular structure of the target, in which the word rational 
shows better meaning and sense [146, 147]. The foremost 
types of the drug design are of two types. The first type is 
referred to as the ligand-based drug design followed by the 
structure – based drug design. Structure-based (SBDD) and 
ligand-based (LBDD) drug design are extremely important 
and active areas of research in both the academic and 
commercial realms [148]. 

1.3.1. Role of Computer Aided Drug Design 

 In today’s fast growing world, with the marvelous 
ongoing growth in the field of pharmaceutical drugs, most of 

the drugs have discovered to cure for an enormous variety of 
diseases. To diminish the time & cost, computational 
approaches emerged in 1960’s by Hansch and Fujita, used to 
analyze the drugs & the mechanistic pathways of the disease, 
also applied to predict the activities of the compounds, the 
technique known as Computer aided drug design (CADD) 
[149, 150]. The emerging tool to rationalize drug discovery, 
development and optimization are the CADD. It is being 
utilized to facilitate the target identification, validation, 
optimization of the ADMET (absorption, distribution, 
metabolism, excretion and Toxicity) profile of a drug and 
safe drugs. Large number of selected compounds which can 
be either the natural products or the synthesized compounds 
is tested through the biological assays or screens, which 
takes long time also high price tag. But, CADD has the 
ability to produce and verify the biological activity of huge 
quantity of compounds within a tinyphase of time than 
biological assays. With the help of CADD is possible  
to explain the molecular basis of the therapeutic activity 
[139, 151]. 

 CADD has played imperative role in the development of 
therapeutic agents over past decades. Optimization of the 
structure for the pharmacological tests in the pipeline of drug 
discovery is carried out with the help of Computer aided 
drug designing [152]. Computational assessment of the 
binding affinity of inhibitors before synthesis is the major 
component of CADD paradigms. The approach of CADD is 
applied based on the availability of the experimentally 
determined 3D structure of the target molecule. Computer 
aided molecular design has a very significant influence in 
drug designing. The approach of influencing can either be 
structure based or the ligand based drug design. Increased 
computational possibility and the development of sophisticated 
modelling algorithms are available for accurate predictions 
of the inhibitors as well as the targets [153-156]. The neural 
network is the novel approach that shows the ability in the 

 

Fig. (7). Overview of Computer Aided Drug Designing. 
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various modelling processes. Various neural networks are 
studied with the help of the pathway of Blood brain barrier 
permeability [157]. The quantum chemical descriptor is  
one of the important components of the Quantitative 
structure activity relationship that describes the activity and 
susceptibility of the compound quantitatively [158]. The 
central approach of the structure based computer aided drug 
design helps in the development of the compounds which 
binds tightly to the biological targets where there will be a 
large reduction in the free energy, improved ADMET 
properties and the targets which have reduced off-target 
effects. If the structure based drug designing is being a 
thriving application, then these scheme will result in the best 
lead compound that can be further authorized in the in vitro 
and in vivo studies [152, 159]. 

1.3.2. Structure-based Design 

 The three dimensional structure of the biological target is 
the main source for the structure-based drug design (or direct 
drug design) requires the three dimensional structure of the 
biological target which is obtained through methods such as 
x-ray crystallography or spectroscopy [160]. There is also a 
possibility for the designing of the ligands through the 
screening protocol as well as the screening against the 
homology model which contains the highest degree of 
confidence. The main idea of the structure based drug design 
is to use the 3D protein structure which predicts the ligands 
to bind to the target [161]. The structure of the biological 
target and the candidate drugs helps in the prediction of the 
high affinity when they bind and the selectivity to the target 
can also be designed with the help of interactive graphics as 
well as the insight of the medicinal chemist [162]. Alternatively 
a wide range of computerized computational approaches may 

be suggested for the development of new drug candidates. In 
past decades the structure-based drug design becomes a fast 
growing and highly facilitated field. It is also a robust and 
useful process includes the selection of biological objective, 
the evolution of protein structure of target, lead identification, 
lead development and optimization of drug candidate [163]. 
The ability to analyze the 3D structure of the biological target 
also helps in the development of the assessment of the 
structure based drug design. The methods which are highly 
in need through the methods such as x-ray crystallography 
and NMR spectroscopy, which is the main concept of 
structure based drug design. Structure based drug discovery 
has become a very potent and imperative tool, helps the 
genomics and proteomics that lead to the breakthrough of the 
great number of candidate drug targets. To overcome the 
problems arising during the development of effective drug in 
the pharmaceutical area, SBDD approaches (Protein 
Modelling, Docking, library design, fragment based design, 
molecular dynamics, etc.) are taken a step forward to design 
potential drug based on the structural information of the 
target and the properties of the ligand [164-166]. 

 Modern computational structure based drug design has 
established a novel platform in designing the potential 
inhibitor against the neurological disorders [167]. Various 
targets of neurological disease have been studied thoroughly. 
GABA-AT protein and Htt protein from HD has been 
studied with the help of the SBDD approaches. GABA-AT 
protein is a neurotransmitter which is a significant source of 
the regulation of muscles in accordance with the help of 
neurons. In order to overcome this regulation problem 
GABA-AT protein helps to get a solution [168-171]. Fig. (8) 
represents the flowchart of Structure-Based Drug design 
approach. 

 

Fig. (8). Flow chart of Structure Based Drug Designing. 
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1.3.3. Implementation of Structure Based Drug Design in 
Neurological Disorder 

 The interplay of many dysregulated physiological processes 
characterise the complex multifactorial disorders that in turn 
relate to neurodegenerative diseases. The Parkinson’s disease 
(PD) involves the multiple perturbed cellular function that 
includes mitochondrial dysfunction and autophagic 
dysregulation that is preferentially sensitive to dopamine 
neurons. A network with the protein P62, GABARAP, GBRL1 
and GBRL2 formed with the union on high preference of 
accessibility. These proteins are predicted to be important for 
the cross talk between the mitochondrial dysfunction, 
autophagy and MPP+ neurotoxicity in the pathological state. 
Thus, the protein-protein interaction network analysis helps 
in the identification of key mediators of neurotoxicity [172]. 
Glycogen synthase kinase 3β (GSK-3β) which belongs to the 
serine/threonine protein kinase has been materialized as a 
key target in drug discovery and these biological target is 
implicated through 4d in multiple cellular processes and 
associated with various diseases. This GSK-3β inhibitors 
proved as a useful remedial compounds in treating the 
condition associated with the prominent level of enzyme 
action such as a neurological disorder and type2 diabetes. 
The proprietary compound libraries as well the functional 
activity of the selected compounds were obtained in the 
virtual screening study that helps in the analyzing of the 
human GSK-3β. The novel hit compounds were identified 
with the help of the in silico screening approaches. Molecular 
docking studies assist in the way for the finding of novel 
chemical scaffold for GSK-3β inhibition and this provides 
the base for a rational structure based design [173]. 

 Neurodegenration in neurons appears to happen in 
different levels. The path of the process is from the 
molecular level to systemic level. Computer aided drug 
design helps on behalf of the formation of the process of 
drug discovery and the scientific advance in the region of 
molecular structure characterization. Contribution of the 
approach towards the progress of the latest drugs against the 
neurodegenerative diseases is high elevated. Structure based 
virtual screening comprises the docking protocol that follows 
binding of the alkaloids to the apocynaceae family 
commencing through an in house data bank to decide on the 
particular structures based on the potential inhibitory activity 
cohesive with the human AChE. This approach facilitates for 
the alkaloids used in the advanced studies of the treatment of 
neurological disorder [174, 175]. 

 Schizophrenia as well as the Parkinson’s disease were the 
problems of the neurological and the psychiatric conditions 
in which the treatment of the consecutive disease to be 
discussed whereas the human dopamine D4 receptor on the 
GPCR target is involved in the treatment. With reference to 
the study of homology modelling of the target, the rational 
structures of the receptor with the help of the template were 
developed. The model we gained from the homology 
modelling was further used for the molecular dynamics 
simulation and the stability has been checked. The 
mechanistic and the structural features of the receptor like 
the preserved disulfide bride and ionic lock were measured 
in modelling experiments. The model of the human D4 

receptor was appeared to be the promising path through the 
future for the study of designing of the drug for the described 
drug target [176]. 

 mGluR5 is the significant target correlated to more than a 
few neurological diseases. Development of ligands is 
focused on the orthosteric binding pocket which happens due 
to the deficient of selective ligands. The binding pocket of 
the transmembrane in the allosteric region has been in the 
requirement has been developed. The molecular docking of 
the mGluR crystal structure and model helps to satisfy the 
analyses of the non as well as the group selective compounds 
of orthosteric ligands. The binding mode analyses of the non 
and group selective orthosteric ligands is based on the 
molecular docking in mGluR crystal structure and models 
[177]. 

 Human carbonic anhydrase VII is involved in several 
neurological diseases which is expressed in the brain and is 
validated as the attractive target for the treatment of epilepsy 
and neurological pain. In order to identify the new chemical 
entities as carbonic anhydrase inhibitors the structure based 
approach is used. Library of compounds was screened 
against the pharmacophore model obtained based on the 
carbonic anhydrase inhibitors and the most interesting hits 
were docked into the crystal structure and thus the studies 
have been carried out. This helps in the identification of the 
best hit compound binds to the receptor [178, 179]. 

 In several neurological conditions, the Serotonin receptor 
subtype 1A(5-HT(1A)R) is implicated whereas the potent  
5-HT(1A)R agonists where the therapeutic potential for  
the treatment of anxiety, depression, Parkinson’s and 
schizophrenia disease. The structure of the receptor is not 
available and hence to support the scientific research 
homology modelling of 5-HT(1A)R is followed through the 
support of the latest released high resolution structure similar 
to the query sequence [180]. 

1.3.4. Binding Site Analysis 

 The binding site of the protein is the important aspect in 
the structure based drug design in which the understanding 
of the structure and function of the binding site is the corner 
stone. Understanding of the development of the drug design 
requires the knowledge of both the location and the physical 
properties of the binding site. The binding pocket of the 
protein were analyzed in which the key interaction sites were 
derived and it prepares the necessary data for the Ligand 
fragment link [181]. The three dimensional structure of the 
protein and the pre-docked ligand in the PDB format, and the 
atomic properties were the basic input for the development 
in the process of drug design. The initial and effortless 
models of ligand binding are the lock and key archetype 
where it observes the ligand-receptor binding as well as the 
rigid shape-matching process. The mainstream of the 
association of ligand binding constitutes the side-chain and 
loop arrangement. Minor side chains are addressed by the 
soft potentials where non-polar Vander Waals clashes is 
involved [182, 183]. Recent developments provided the 
insights that the modelling of protein by the receptor 
arrangements which will be in process prior to the virtual 
screening [184]. Active site of the protein which means the 
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binding site where the inhibitors bind were analyzed and 
identified through Ligsite. It is the platform for the 
prediction of the active site in which the concept of the 
surface solvent event and also the surface residue’s 
conservation degree [185]. 

1.4. Rational Drug Discovery 

 In comparison to the traditional methods of drug 
discovery, the trial and error testing of the chemical 
substances on the cultured cells or the animals are the 
important source of the drug discovery especially the rational 
drug discovery. The matching of the apparent effects to the 
treatments is performed by the rational drug discovery and 
the hypothesis modulate the specific biological target and 
thus the rational drug discovery begins where the biological 
target have the therapeutic use [186]. For the biomolecule to 
be chosen as a drug target, some essential piece of 
information is required. The initial evidence is that the 
modulation of the target which will have the therapeutic 
value [187]. The knowledge of the rational drug discovery 
emerges from the disease linkage studies and this shows an 
association of the mutations in the biological target as well 
as the certain disease states. The next information required 
for the development of the drug discovery in rational drug 
design is that the target is druggable. It means that the target 
is capable of binding to a small molecule whereas its activity 
can be modulated by the small molecule [188]. 

 When a suitable drug target is identified, there may  
be a chance that this target can be available normally  
as the cloned target and expressed. For the establishment  
of the screening assay, the expressed target is used 
comprehensively. The three dimensional structure of the 
target may be determined by the in silico approach. The 
small molecules that bind to the target were searched with 
the help of the screening library for the potential drug 
compounds. The approach of the screening helps in the 
assessment and the obtaining of the compound that can be 

potent. Virtual screening assay (‘a wet screen’) can also play 
the part of the drug development. The available of the drug 
target paves the way for the use of the virtual screening 
techniques for the development of the lead candidate [189-
191]. Preferably, the candidate drug compounds poses to be 
the “drug-like” in which they possess the properties that are 
predicted for the lead to show the oral bio-availability, 
metabolic stability, minimal toxic effects and chemical 
ideally the candidate drug compounds should be "drug-like", 
that is they should possess properties that are predicted to 
lead to oral bioavailability, plenty of chemical properties, 
metabolic stability, and minimal toxic effects. Numerous 
methods are accessible for the estimation of drug likeness 
such Lipinski's Rule of Five and Lipophilic efficiency. The 
lipophilic efficiency deals with the range of scoring methods 
[192, 193]. Enormous methods of the prediction of the drug 
metabolism are proposed in the scientific literature and the 
latest example is the SPORCalc. Based on the complexity of 
the process of drug design, there are two terms of interest 
which are stated as serendipity and the bounded rationality 
[194]. 

1.4.1. Common Targets of Neurological Disorders 

 Delivering drugs to the neurological targets has been a 
major challenge. Much evidence explained that the blood-
brain barrier (BBB) is a highly selective permeability barrier 
within the brain, blocks most of the all small and large 
molecules delivering to the targets. Most of the neuro- 
degenerative disorders such as Alzheimer’s disease, Parkinson’s 
disease, Prion diseases, Huntington’s disease, Front temporal 
dementia and Motor Neuron disease are familiar in the way 
of sharing a noticeable feature namely the aggregation and 
the deposition of abnormal protein [195, 196]. Some of 
common targets of neurological disorders are mentioned in 
table given below (Table 1). 

 Alzheimer’s disease is characterized by the presence of 
two lesions, first is the plaque, an extracellular lesion made 
largely of the β-amyloid (AB) peptide and the second is the 

Table 1. Common Targets of Neurological disorders. 

Disease Toxic Protein Genes Related with the Protein Refs. 

Alzheimer's disease Aβ APP - Pathogenic mutation due to toxic  improvement 

  Presenilin - 1, Presenilin - 2 - Pathogenic mutation due to the loss of function 
[26, 197] 

 Parkinson's disease  tau 

α- synuclein 
α- synuclein - toxic improvement 

Parkin - Loss of toxic function 

  UCHL1 - loss of toxic function 

[198] 

Prion disease PrpSc PRNP - Toxic improvement [199] 

Polyglutamine disease Polyglutamine containing protein Different genes with CAG repeat [200] 

Tauopathy tau tau - Improvement of toxicity [201] 

Familial amyotrophic 
lateral sclerosis  SOD1 

SOD1 - Improvement of toxicity 
[201] 
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tangle, an intracellular lesion made up of the cytoskeletal 
protein tau. In case of Parkinson disease, large numbers of 
genes are associated; some of them are noticeable like 
PARK1, PARK2 and the recently identified gene ubiquitin 
COOH-terminal hydrolase (PARK5). The important 
hallmark of the Parkinson disease is the deposition within 
dopaminergic neurons of Lewy bodies and cytoplasmic 
inclusions composed of synuclein gain. Cholecystokinin 
(CCK) & Gastrinrelated peptides include the family of peptide 
hormones and neuropeptides, plays various physiological 
actions on the CNS [202, 203]. Catechol – O- methyltrans- 
ferase (COMT) inhibitors are used as the therapeutic agents 
in the treatment of Parkinson’s disease. COMT is also 
prominent inhibitor in both the peripheral and central 
nervous system, where it metabolites various catechols, 
particularly dopamine, adrenaline and noradrenaline. Some 
extent shows due to limitations using COMT inhibitors as 
therapeutic agents are knotty. Hepatic dysfunction will be 
developed in association with the tolcapone therapy,  
in which development of COMT inhibitors is still needed 
[204, 205]. 

 The neurological disorder associated with the 
choreoathetosis, spasticity is recognized by the hyper- 
uricemia and excessive uric acid synthesis. The drug 
azathioprine [6-(1’-methyl-4’-nitro-5’-imidazolyl) thiopurine], 
an immuno suppressive agent is reported to inhibit the 
excessive purine synthesis found in some patients with 
neurological disorder consisting of choreoathetosis [206]. 
Histone deacetylases are the kind of enzymes that 
deacetylate the lysine residues from histones, various 
nuclear, cytoplasmic as well as mitochondrial non-histone 
proteins. The role of HDAC is studied with the help of cell 
processes based on the phenotypic changes after isoform-
specific knockdown. Histone deacetylase inhibitors contribute 
to the degradation of the protein aggregation which categorizes 
various neurodegenerative disorders namely Alzheimer’s, 
Parkinson and Huntington’s disease [207]. 

1.4.2. Drugs Availability and its Specificity 

 Intracellular phospholipase A2 (PLA2) are the group of 
enzymes that hydrolyze membrane phospholipids into fatty 
acid and lycophospholipids. Inhibitors of non-neural 
intracellular PLA2 have been recently discovered. The 
activities of PLA2 are found in neurological disorders that 
are associated with inflammation and oxidative stress. The 
inhibitors of PLA2 cross the blood brain barrier without 
harm. Non-specific intracellular PLA2 inhibitors namely 
Quinacrine, heparin, gangliosides, Vitamin E, arachidonyltri- 
fluoromethyl ketone, bromoenol lactone and cytidine 5-
diphosphoamines helps in providing useful information on 
the tolerance, toxicity and effectiveness for the drug target of 
intracellular PLA2 [208]. Neuroimmunophilin ligands are the 
class of compounds that provides great support for the 
treatment of nerve injuries and neurological disease. These 
compounds cross the blood brain barrier that is orally 
effective in the animal models of ischemia, traumatic nerve 
injury and human neurodegenerative disorders. These 
neuroimmunophilin ligands act through the unique receptor 
which is correlated to the classical neurotrophicreceptors. 
The neuro-immunophilin ligands namely cyclosporine and 

FK-506 have been already used in humans as immuno-
suppressant drugs and these drugs demonstrate to have 
neuro-protective actions [209]. 

 Potassium channels are the tetra-meric membrane 
proteins that conduct K+ across cellular membrane 
selectively. The K+ channels make about half of the extended 
super family of 143-voltage gated ion channels in the human 
genome and the third largest family of signaling molecules 
following the G-Protein coupled receptors and the protein 
kinase. The broadly active K+ channel blockers include 
quinine, D-tubocurarine, verapamil. These drugs are organic 
cations and this block open K+ channel by binding in the 
inner pore. The riluzole activates the K+ channel at various 
concentrations and this effect contributes to riluzole’s ability 
to reduce the infrarealism [210]. 

 Two isoforms of cyclooxygenase report that non-steroidal 
anti-inflammatory drugs are beneficial in devastating 
neurological conditions. The cyclooxygenases 1 and 2 are 
expressed under normal conditions or can be induced by 
physiological or pathological a stimulus which includes CNS 
cell types including neurons, glia and cerebro. COMT is the 
enzyme that catalyzes the transfer of methyl group from S-
adenosyl methionine to catechols and cetecholamines like 
neurotransmitter, dopamine, epinephrine and norephinephrine. 
COMT has implicated in many neurological and psychiatric 
disorders like schizophrenia, Parkinson’s disease (PD), 
bipolar disorders. The second generation inhibitors namely 
the tolcapone and entacapone is used for the treatment of PD. 
3-Hydroxy-4-pyridinones and 5-hydroxysss-4-pyrimidinones 
were identified as the inhibitors of COMT. These inhibitors 
exhibit potent inhibition of the enzyme and the improved 
toxicity is observed than the other inhibitors of COMT [204, 
211, 212]. 

 Mostly the patients with Parkinson’s disease were treated 
with dopamine agonist and the older patients with levodopa. 
The levodopa leads to dyskinesia, dopamine agonists have 
long plasma half life that probably leads to more continuous 
dopamine receptor simulation. MAO-B inhibitors can be a 
good option in the early stage of Parkinson. These Monoamine 
oxidase inhibitors are one of the targets responsible for the 
neurological disorders. MAO-A and MAO-B targets have 
been selected to increase the available amounts of monoamine 
neurotransmitter in the brain for the treatment of neurological 
disorders. The compounds namely the coumarins, chromones, 
isatins, phthalimides, phthalonitriles and quinolinones are 
shown as the potential inhibitors of MAO. The inhibitory 
activity of monoamine oxidase (MAO) A and B hasbeen 
estimated by the design and synthesis of the series of 3-
hydroxy-3-phenacyloxindole analogues of isatin. These 
series of compounds were proved to be potent and selective 
in inhibiting the activity of MAO. Molecular interactions 
between the inhibitors and MAO were well studied through 
the computational approaches [213-215]. 

CONCLUSION 

 In spite of many years of efforts, research has been 
expanded and studied towards the understanding of the 
mechanism of neurological diseases and the function of the 
central nervous system. But, the therapeutic interventions 
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and research modalities are still in progress to get the exact 
result regarding success in the treatment and diagnosis of the 
diseases. Recent years have seen greatest interest in the 
developmental strategies of the treatment, but the society is 
still lagging behind the clear idea how the generalized 
suppression of neuronal injury response would be beneficial 
in all the neurological disorders. The use of various 
inhibitors has provided the evidence of the effects of neuron 
or the inducible isoforms in neurological disorders. Even 
though there is a constructive management of the disease, 
there is no effective therapeutic cure developed that helps in 
the slowdown of the progression of the disease in a 
respective manner. In addition, neuronal injury is not only 
due to the changes in genes or the neurons, but also due to 
the external factors that affect the neurons. 

 In the present era, the management of the disease and its 
treatment has been developed constructively. As of now, 
various potential drug targets and new neuro-protective 
strategies have been proposed for the development of the 
drugs and the treatment of the diseases based on the studies 
happening around the research society. To the languishing 
part, some diseases could not be validated still due to the 
lack of suitable targets and still some pathways are concealed 
and perplexed. In this scenario, the computational 
approaches such as the structure based drug design and the 
ligand based drug design methods have been developed for 
the identification of the significant biological target and 
helps in the evaluation of the interaction with lead molecule. 
In overall, there is rapidly growing evidence stating that how 
the recent advances and the applications of Structure based 
and ligand based drug designing ameliorate in the develop- 
ment of drug discovery. It is clear that the prominence of 
SBDD were implemented in the recent advances and 
applications in the drug discovery. Incorporation of the 
available knowledge of the neurological disease depicts the 
approach of SBDD carried out in this review. Development 
of the pharmaceutical compounds for the treatment of 
neurological disease leads to the impressive challenge in the 
society. 

 This review, however, helps in the understanding of the 
mechanism and pathology of the neurological diseases which 
indirectly paves way for the development of the suitable 
inhibitors for the drug targets by virtue of SBDD. As stated, 
various SBDD techniques available for the development of 
inhibitors for the drug targets of diseases. This will be 
supportive for the understanding of the neurological diseases 
and discloses that the proper understanding of the diseases  
is recommended for the successful application and 
implementation of the structure based drug designing for the 
progress of the drug discovery. 

LIST OF ABBREVIATIONS 

AD = Alzheimer Disease 

ALS = Amylotrophic Lateral Sclerosis 

BBB = Blood Brain Barrier 

CADD = Computer Aided Drug Designing 

COMT = Catechol-O-methyltransferase 

HD = Huntington’s Disease 

LBDD = Ligand Based Drug Designing 

MAO = Monoamine oxidase 

PD = Parkinson Disease 

PD = Parkinson Disease 

PLA = Phospholipase A2 

RBD = Rapid Eye Movement Sleep Behaviour 
Disorder 

REM = Rapid Eye Movement 

SBDD = Structure Based Drug Designing 

SOD = Superoxide Dismutase 
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